Abstract: This study explored risk transfer among the housing markets of five major cities in China, comprising three first-tier cities (i.e., Beijing, Shanghai, and Shenzhen) and two second-tier cities (i.e., Tianjin and Chongqing). House price index data from January 2001 to June 2017 and a vector autoregressive-multivariate generalized autoregressive conditional heteroscedasticity model were employed to estimate correlations among these cities related to house price returns and volatility. In addition, volatility impulse-response functions were estimated to determine interactions among housing market risk in different cities. The results revealed that first-tier cities were more likely to transfer risk to second-tier cities, and that Beijing's housing market exerted the greatest influence on risk in other cities' housing markets. To consider the influence of the 2008 global financial crisis, data collected before and after the crisis were divided into two groups for subsequent investigation. The results revealed that these cities became more closely interrelated after the financial crisis, thereby escalating the risk of impulse influences. Finally, this study evaluated the influences of macroeconomic impulses on the housing markets of the three first-tier cities, indicating that real estate in these three cities can protect investors against inflation. The evidence presented in this paper can serve as a reference for the Chinese government regarding risk control.
Introduction
During the 19th Chinese Communist Party National Congress held in October 2017, a guideline for the development of the residential housing market in China was proposed, namely that "houses are for living, not for flipping". After the congress, a new wave of housing policy reform was implemented. Before the end of October 2017, Poly Real Estate announced that its first real estate investment trust (REIT) had been approved by the Shanghai Stock Exchange. REITs are typical real estate securitization products that have a more-than-40-year history in the United States. By contrast, China has only quasi-REITs offered through private placement (REITs generally refer to publicly offered real estate funds); this shows the cautiousness of China's supervisory authorities in relation to housing market risk control.
In the 2016-2017 policy campaign, the State Council, China Securities Regulatory Commission, and Ministry of Housing and Urban-Rural Development all vigorously promoted the release of REITs. Under the increasing risk of a housing market bubble, these government agencies claimed that the promotion of rental property-based REITs enables housing to return to its original function of providing a living space, thereby contributing to healthy and orderly development in the housing industry (please refer to an official notice by the Chinese government: House Building (2017), No. 153).
Many studies have approached the topic of China's housing market performance from the question of whether a bubble exists in this market. Some studies have considered that house price performance in China is steered by fundamentals and that no bubble has been formed in this market. For example, Ren et al. [7] examined the annual return data on house prices in 35 Chinese cities throughout 1999-2009 and found that the return rates in China's housing market did not satisfy the conditions of rational expectation bubbles. Shen [8] compared housing affordability in China and six developed countries; the results revealed that from 2002 to 2009, no bubble was detected in China's real estate market. In addition, China's market did not deteriorate from the perspective of housing affordability. Feng and Wu [9] adopted the equilibrium asset-pricing approach to review housing transaction data from 60 Chinese cities and determine whether a bubble existed in China's real estate market. Regarding the average-price-to-rent ratio, the researchers' results indicated that overall, no bubble existed in China's real estate market.
In contrast to the aforementioned studies, numerous studies have detected bubbles in China's housing market. For example, Hui and Yue [10] detected a bubble in Shanghai's housing market in 2003, Hui and Gu [11] found bubbles in Guangzhou's real estate market, the largest of which was that in 2007, which accounted for approximately 43% of the total market price. Hou [12] asserted that the house price cycle in Beijing can be divided into three periods, and bubbles began to emerge during [2005] [2006] [2007] [2008] ; similarly, housing market bubbles were detected in Shanghai between 2003 and 2004. Gou and Li [13] revealed a relationship between an excess supply of money and house price bubbles in China. Yu [14] noted that although the housing markets in most Chinese cities have remained stable, those in some eastern metropolises such as Beijing, Shanghai, Shenzhen, Hangzhou, and Ningbo have developed bubbles since 2005. Dreger and Zhang [15] investigated 35 Chinese cities and found that house price bubbles were particularly prominent in southeastern coastal areas and special economic zones; by the end of 2009, bubbles in these areas accounted for approximately 25% of the total property value based on the fundamentals. Wang and Zhang [16] used China's house price data from 2002 to 2008 to determine that house prices in several coastal cities were considerably higher than the level of the fundamentals. Shih, Li and Qin [17] examined 2000-2012 data from 28 Chinese provinces and observed that house price bubbles and housing affordability deterioration were more commonly observed in areas near Beijing and Shanghai. Liu et al. [18] investigated data from four major Chinese cities (i.e., Shanghai, Guangzhou, Shenzhen, and Beijing) and found evidence of bubbles between 1991 and 2011 in these cities.
Generally, the aforementioned studies show that housing market bubbles in Chinese cities are more prominent than the overall imbalance in China's housing market. Whether house price overvaluation in individual cities generates risk in China's national economy warrants investigation. Zhao et al. [19] stated that financial crises are typically derived from excess associations between an imperfect financial market and a country's housing market; the researchers maintained that housing market bubbles exist in China and warned against a future crash. By contrast, Wu, Gyourko, and Deng [20] proposed that based on a limited number of samples, scholars should not discuss whether bubbles exist in China's housing market. Wu, Gyourko and Deng [20] focused on the housing market risk and provided evidence supporting the existence of risk in China's housing market and indicated problems that must be resolved such as high house price growth rates in some cities, land price decreases, and between-city variations in the supply-demand balance of the housing market. The present study also adopted the perspective of housing market risk to evaluate the origins and transfer of risk among China's major cities.
The Estimation of Housing Market Risk
This study investigated risk transfer among the housing markets of five major cities in China. Two models are often adopted to analyze correlations among markets; the vector autoregressive (VAR) model is used to evaluate the relationships of return on assets among markets, whereas the multivariate generalized autoregressive conditional heteroscedasticity (MGARCH) model is adopted to estimate the correlation between return on assets and volatility (risk). Chowdhury and Maclennan [21] used a Markov switching VAR model to test the regional housing markets in the UK; Lee and Reed [22] used a GARCH model to obtain the volatility decomposition of Australian housing prices. Karolyi [23] employed the VAR and MGARCH models to separately estimate stock returns and risk transfer across various countries; however, because the VAR and MGARCH models were estimated separately, the results in Karolyi [23] did not determine whether the correlation was derived from returns or risk.
Several recent studies have adopted a VAR-MGARCH model for estimation. Such a model enables more comprehensive quantification of between-market correlation because both returns and risks are endogenous variables that can be explained by the same functions in a model. The VAR-MGARCH model supports the incorporation of multiple variables and determines whether between-variable influences are derived from returns or volatility. Such models have been extensively used to evaluate markets with different assets. For example, Bekiros [24] explored the relationship between exchange rate volatility and fundamentals; Sogiakas and Karathanassis [25] evaluated spot and derivatives markets; Jiang et al. [26] estimated the U.S. crude oil, corn, and plastics markets; and Andreasson et al. [27] assessed interactions between commodity futures returns and five driving factors. The VAR model has another strength; it can quantify the influences that the impulses of factors have on market returns.
In other words, the VAR model supports impulse-response analysis. Adding heterogeneous variances of volatility in the VAR model increases the soundness of impulse-response analysis. For example, Elder [28] derived an impulse-response function for a vector autoregression with multivariate GARCH errors; Conrad and Karanasos [29] explicated the impulse-response function of volatility; Hafner and Herwartz [30] used exchange rate data to estimate the volatility impulse-response function (VIRF) under an MGARCH model; and Le Pen and Sévi [31] expanded the model developed by Hafner and Herwartz [30] by using daily data from March 2001 to June 2005 to formulate a VAR-MGARCH model and obtain a VIRF to evaluate and find evidence of return and volatility spillovers among the German, Dutch, and British forward electricity markets.
Tian and Gallagher [32] detected conspicuous volatility in China's housing market from 2005 to 2013 and found that short-term overseas capital flows ameliorated house price growth in China; however, hot money enhanced the effect of capital flows on house prices. Weng and Gong [33] used the HPIs of ten major Chinese cities from January 2005 to December 2014 to analyze volatility spillover effects and identify the determinants of price co-movement across China's regional housing markets; the results revealed that house prices in cities are primarily influenced by population, income, mortgage rates, policy factors, and macroeconomic conditions at the national level. The results of Weng and Gong [33] also confirmed that correlations among China's regional housing markets exist. If cities are subject to the influence of certain impulses and exhibit risk spillover, risk in China's overall housing market can cause detrimental damage to macroeconomics, regardless of whether house prices are high. Therefore, the present study investigated risk transfer among housing market risks in five major cities in China to quantify these risks and compare their sources.
Thus, the present study adopted a VAR-MGARCH model to evaluate risk transfer among housing markets and used a VIRF to quantify the effects of macroeconomic factors on house price risk. In addition, this study used the four variables to detect the effects of macroeconomic factors, these variables are money supply, interest rate, consumer price index, and balance of fiduciary loan. Numerous studies have verified that monetary policies can trigger housing market risks. For example, Shiller [34] found that the variations of the real federal fund rates can explain the housing boom. McDonald and Stokes [35] provided the evidence showing that monetary policy produced the housing price bubble. Previous studies on housing bubbles have indicated the importance of monetary policies (Liang and Cao [36] , Gou and Li [13] , Tsai [37] ). Liang and Cao [36] observed a significant influence of bank lending on China's real estate prices, and Gou and Li [13] have noted that currency liquidity can affect house prices in China's housing market. Tsai [37] found the evidence showing the correlations between monetary liquidity and house price bubbles in the US housing market. Following these studies, we employed the four variables related to monetary policies to estimate the VIRF.
Empirical Model

Model for the Estimation of Housing Market Risk
To illustrate house price risk transfer among Chinese cities, the present study adopted the VAR-MGARCH model to formulate a VIRF for analyzing factors influential to house price risk. Five cities were examined in our study. The cities are three first-tier cities (i.e., Beijing, Shanghai, and Shenzhen) and two second-tier cities (i.e., Tianjin and Chongqing). The HPI data of these cities were provided by the SouFun Company (Beijing, China) and the remaining items were retrieved from the China Real Estate Index System. To further clarify market correlations, these cities were paired to evaluate their relationships. The proposed model is presented as follows; let the vector of house price return be r x = [r x1 r x2 ]. The equations for the conditional average of the return are
and that for the conditional variance of the return is 
where r x represents the city's house price returns. a ii , b ii , c ii are volatility-related coefficients.
The Estimation for VIRF
After estimating correlations among the five cities, this study analyzed the sources of risk in the three first-tier cities. We employed the four variables related to monetary policies to estimate the VIRF. M2 statistics, the 1-year loan interest rate, the consumer price index, and the total amount of fiduciary loans were adopted to represent money supply, short-term interest rate, price index, and balance of fiduciary loans, respectively. We also adopted the VAR-MGARCH model to estimate the relationship between the house price return of the investigated city and the change rate of macroeconomic variables. The VAR-MGARCH model is as follows.
and that for the conditional variance of the return is (6) where r x represents the house price return of the investigated city. r Mac represents the growth rate of macroeconomic variables, including money supply, short-term rate, CPI and loan balance. a ii , b ii , c ii are volatility-related coefficients. Then we used the results of the estimation to formulate a VIRF for analyzing factors influential to house price risk. Table 1 lists the basic statistics of the data used in this study, which consisted of the HPIs of the five cities and four monetary variables (i.e., money supply, short-term interest rate, price index, and balance of fiduciary loans). This study adopted monthly frequency data from January 2001 to June 2017. Table 1 lists data characteristics such as HPI return rates and macroeconomic variable growth rates. PP is the PP unit root test, which is adopted for testing the null hypothesis of a unit root in the series. The lag length of the unit root models is selected by using the Schwarz information criterion. According to the unit root test results (Table 1) , the house price return rates of the five cities and growth rates of the four macroeconomic variables were all stationary data that could be used to estimate the VAR model. J-B is The Jarque-Bera statistic which has a chi-square distribution under the null hypothesis of normal distribution. The Jarque-Bera test statistic showed that all data strongly rejected the assumption of normal distribution. L-B Q(n) are Ljung-Box statistics for testing whether there is serial correlation in series, n denotes lag term. The Ljung-Box test statistic indicated that all variables exhibited self-correlation.
Results
A conventional VAR model was employed to evaluate the interrelationships among the five cities with respect to house price returns. The results showed that no between-city correlations in house price returns were significant ( Table 2 ). Only the returns in Beijing positively influenced those in Shanghai and Tianjin; those in Tianjin and Chongqing exhibited positive interaction; and those in Chongqing negatively influenced those in Shenzhen. To further clarify the extents of these influences, Figure 1 illustrates the impulse-response function estimated using the VAR model ( Table 2 ). The correlations within city pairs are listed, with the first city in each diagram indicating the impulse source and the second city indicating the city responding to the impulse. Figure 1 shows that the greatest impulse that every city sustained was generated by itself and the impulses in Beijing's housing market exerted the most conspicuous influence on other cities. Many of the city pairs shown in Figure 1 did not exhibit significant relationships, such as the influence of Shanghai's impulses on Beijing. Moreover, the influence of cities other than Beijing on Shanghai approximated 0; this observation might be attributable to how cities other than Beijing likely exhibited housing market variations consistent with those in Beijing, and thus their influences could not be discerned from a model of joint estimation.
In Table 3 , VAR models of city pairs are presented to show interaction between cities. Because we used house price return data of five cities, ten VAR models are displayed. In terms of correlation between return rates, the results in Table 3 are much higher than those in Table 2 . Only two city combinations had no significant correlation between returns, namely Beijing & Shenzhen and Shanghai & Shenzhen. We illustrated the impulse-response function estimated based on Table 3 in Figure 2 and found that the impulse influences in Figure 2 were greater than those in Figure 1 . However, Table 3 does not cover correlations of volatility. Table 4 presents the estimation results obtained using the VAR-MGARCH model (Equations (1)- (3)) to provide a more comprehensive analysis. Except for Shanghai & Shenzhen and Shenzhen & Chongqing, lead-lag relationships existed in all city pairs. In other words, a return spread effect existed. Specifically, house price returns in Beijing influenced those in Shanghai and Shenzhen and were influenced by those in Tianjin and Chongqing. House price returns in Shanghai and Shenzhen influenced those in Tianjin, those in Tianjin influenced those in Chongqing, and those in Chongqing reversely influenced those in Shanghai. These relationships suggested that among the first-tier cities, Beijing was the source of influence for Shanghai and Shenzhen. Shanghai and Shenzhen mainly influenced the second-tier city Tianjin, which further influence Chongqing, and through the latter, the influence was transferred back to Beijing and Shanghai.
The aforementioned notable lead-lag relationships indicated that the analyzed cities may also transfer risk among themselves. From the estimation results of the volatility matrix presented in Table 4 , regardless of whether a lead-lag relationship existed between paired cities, all pairs achieved significant correlation in terms of volatility. The estimation results revealed that several of the correlation functions had all their volatility-related coefficients (i.e., a 12 , a 21 , b 12 , b 21 , a 12 , or c 12 ) achieving significance, and some of the functions had at least one of the coefficients achieving significance. The VIRF obtained based on Table 3 is illustrated in Figure 3 . The figure shows that the influences of volatility between paired cities were all positive. In other words, impulses in the housing market of one city result in increases in the housing market of another city. However, these influences can be divided into two types. The first type causes volatility that increases over time, whereas the second type causes volatility that decreases over time. In other words, Type 1 influences are those that scale up a crisis when transferring risk from one market to another, whereas Type 2 influences are those that temporarily increase risk during such transfers, and the influences are undermined over time. The most prominent example of a Type 1 influence was the transference of impulses from Shanghai's housing market to Beijing's housing market.
The evaluation results in Tables 2-4 all indicate that Beijing exerted the greatest influence on the other cities. When risks were derived in Shanghai, they were transferred to the second-tier cities through Beijing and eventually transferred back to Beijing and Shanghai. Evidently, such market instability leads to systematic crises. Previous studies have shown that in 2003, a bubble was first developed in Shanghai's housing market (Hui and Yue [10] , Hou [12] ). Shortly after, greater bubbles were observed in Beijing's housing market (Hou [12] ) and even in some second-tier coastal cities (Shih, Li, and Qin [17] ). Thus, although instabilities in Beijing's housing market have the greatest influence on other cities, a systematic crisis is more likely to emerge if such instabilities are derived from Shanghai's influence on Beijing.
The Type 2 influences observed in this study involved a gradual reduction in responses to volatility and could be further categorized into fast-decreasing and slow-decreasing influences. Fast-decreasing influences included Chongqing's influence on Beijing and Shenzhen, as well as Shenzhen's influence on Beijing; whereas slow-decreasing influences included Shanghai's influence on Shenzhen and Shenzhen's influence on Chongqing. The more rapidly responses to volatility decrease, the easier it becomes for the influenced housing market to undermine increased risks and the less likely is a systematic crisis to be formed. Figure 3 shows that most of the influences exerted by second-tier cities on first-tier cities were slow decreasing; this finding entailed stability in first-tier cities.
In the following discussion, we adopted September 2008 as the baseline to divide the sample data into those before and after the 2008 financial crisis. Estimations were subsequently performed using the VAR-MGARCH model, and VIRFs were calculated. The VIRFs before and after the financial crisis are illustrated in Figures 4 and 5 , respectively. Comparing Figures 4 and 5 revealed that these cities became more closely interrelated after the financial crisis, evidenced by volatility increases derived from impulses growing in terms of extent and duration. In addition, although impulses from Shanghai remained those most likely to expand to systematic risks, the transfer channel shifted. Before the crisis, most systematic risks were generated by risks transferred from Shanghai to Beijing; whereas after the crisis, systematic risks were transferred first from Shanghai to Shenzhen and subsequently from Shenzhen to Tianjin. This finding could serve as a reference for competent authorities to discern the potential for future systematic crises in China's housing market. Notes: The lag length of the VAR model is selected by using the Schwarz information criterion. The entry in parenthesis stands for the t-statistic. The symbol ** and *** denotes significant at the 5% and 1% level. BeijingShanghai
BeijingShenzhen
BeijingTianjin Notes: r x represents the city's house price returns. The entry in parenthesis stands for the t-statistic. The symbol ** and *** denotes significant at the 5% and 1% level. Chongqing-T ianjin Chongqing-Tianjin Chongqing-Tianjin Chongqing-Tianjin Figure 5 . Volatility impulse response function obtained from the VAR-MGARCH model using data after the GFC. Notes: r x represents the city's house price returns. a ii , b ii , c ii are volatility-related coefficients. The entry in parenthesis stands for the p-value. The symbol ** and *** denotes significant at the 5% and 1% level.
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Regarding how risk transfer can be prevented, four monetary macroeconomic variables were adopted in this study to identify the sources of risks in the three first-tier cities. The VAR-MGARCH models (Equations (4)-(6)) for Beijing, Shanghai, and Shenzhen based on the four variables are listed in Tables 5-7 , respectively. Figure 6 illustrates the impulse influences of the four variables on the volatility of house price returns in these three cities. The estimation results showed that on average, only price index increases in the previous period resulted in increases in Beijing's house price returns (Table 5) . Regarding the influence on risk, raising interest rates was the most effective measure for controlling Beijing's housing market risks because it enabled continuous risk reduction ( Figure 6 ). As indicated by Table 6 and Figure 6 , impulses from money supply were most likely to substantially increase Shanghai's housing market risks. Furthermore, impulses from fiduciary loans caused instability in Shenzhen's housing market, leading to considerable growth in volatility and a slower influence reduction rate (Table 7 and Figure 6 ). Finally, analyzing the results in Figure 6 revealed that impulses derived from price index growth immediately lowered the risks in the housing markets of the three first-tier cities, indicating that these housing markets can protect investors against inflation. Overall, the results of Tables 5 and 6 indicated that a marked increase in money supply can lead to excess impulse influence and risk escalation in Shanghai's housing market. When such risks are transferred to the housing market in Beijing or Shenzhen, excessively high systematic risks tend to occur in China's housing market. 
Conclusions
In this study, HPI data of three first-tier cities (i.e., Beijing, Shanghai, and Shenzhen) and two second-tier cities (i.e., Tianjin and Chongqing) in China from January 2001 to June 2017 and VAR-MGARCH models were employed to calculate correlations in house price returns and volatility among these cities. Shenzhen-Loan Figure 6 . Shocks from macroeconomics.
In this study, HPI data of three first-tier cities (i.e., Beijing, Shanghai, and Shenzhen) and two second-tier cities (i.e., Tianjin and Chongqing) in China from January 2001 to June 2017 and VAR-MGARCH models were employed to calculate correlations in house price returns and volatility among these cities. In addition, VIRFs were obtained to analyze risk transfer among the housing markets of these cities. Furthermore, correlations in four monetary variables (i.e., money supply, short-term interest rate, price index, and balance of fiduciary loans) among the three first-tier cities were analyzed to determine the sources of risk in specific cities. The results revealed that between-city risk transfers originated in Beijing and were transferred to the other two first-tier cities. Shanghai and Shenzhen primarily influenced the second-tier city of Tianjin, which further transferred risks to Chongqing and subsequently back to Beijing or Shanghai. The evaluation results of the influences of volatility impulses revealed that although instabilities in Beijing's housing market had the greatest influence on the housing markets of the other cities, a systematic crisis is more likely to emerge if such instabilities are derived from Shanghai's influence on Beijing. Moreover, systematic risks in China's housing market can escalate through the aforementioned transfer channel.
To consider the influence of the 2008 global financial crisis, data collected before and after the crisis were divided into two groups for subsequent investigation. The results revealed that the five analyzed cities became more closely interrelated after the financial crisis, evidenced by volatility increases derived from impulses growing in terms of extent and duration. Moreover, the risk transfer from Shanghai to Shenzhen and further to Tianjin warrants particular attention.
Finally, this study evaluated the influences of macroeconomic impulses on the housing markets of three first-tier cities. The results revealed the following findings. (1) The primary risks in Shanghai's housing market are generated by monetary impulses. (2) Volatility in Beijing's housing market can be effectively controlled by implementing policies related to interest rates; specifically, interest rate increases can lower risk in Beijing's housing market. (3) The main risks in Shenzhen's housing market are generated by fiduciary loan impulses, which cause instability in the market, substantially increase volatility, and exert influences that decrease in severity at lower rates. We summarized the evaluation results of between-city risk transfer and risk sources in first-tier cities and found that considerable increases in money supply markedly increased risk in Shanghai's housing market. When risk is transferred to the housing markets of Beijing or Shenzhen, excessive systematic risk tends to occur in China's housing market. This finding supports a previous finding in the literature, namely that excess monetary liquidity can cause bubbles in China's housing market.
The estimation results of this study provided objective evidence of two topics of risk. First, the results elucidated interactions between housing market risk in first-and second-tier cities. Second, the results could be used to test the responses of major cities to macroeconomic impulse. Exploring the first of these two topics facilitated determining whether substantial growth in China's housing market will lead to a systematic crisis similar to that before the subprime mortgage crisis in the United States. Furthermore, we compared data from the United States before and after the 2008 financial crisis to determine whether the risk of such a systematic crisis is growing. The second topic focused on how to regulate the sources of risk affecting major Chinese cities' housing markets. The results indicated that the major risks in Shanghai's housing market were generated by monetary factors, whereas those in Shenzhen's housing market were generated by increases in fiduciary loans. Moreover, interest rate policy is the most effective factor for suppressing the volatility in Beijing's housing market.
Instead of approaching this topic from the perspective of bubbles, this study focused on objective quantification and analyzing risk in China's housing market, delineating risk transfer among housing markets in different cities, and exploring effective measures to control the main risk sources of the three first-tier cities. The perspectives and evidence presented in this paper can serve as a reference for the Chinese government regarding risk control; moreover, they can serve as a more objective basis for traders interested in China's housing market in terms of evaluating investment opportunities in this emerging market characterized by high growth.
